A new, conceptually very simple, single wire readout system for spark chambers in strong magnetic fields is described.
Introduction 4
We have designed and built an individual wire readout system for use in a 10,000 wire cylindrical spark chamber assembly. The spark chambers are lo cated around the 1 meter long liquid hydrogen target of LASS, the Large Aper--ture Solenoid sectrometer at the Stanford Linear Accelerator Center, in a 25 kG magnetic field, as shown in fig. 1 . This location leads to requirements of high reliability and small physical size of the readout electronics.
In addition, to insure good multispark efficiency in the region of high spark density close to the target, a narrow spark width, preferably over a wide plateau in high voltage, is required. This has been achieved by limiting the voltage difference between adjacent wires due to a spark on one of them to 5 100 V. In some readout systems, such a limitation does not exist, and as a consequence, very wide spark phenomena are observed when the voltage is raised much above the onset of the plateau.
Circuit operation
The basic spark detecting circuit is depicted in fig. 2 fig. 4) .
Because of the.reverse biasing of the diode, the capacitors Cl and Ci stay charged after the high voltage pulse has subsided. In fact, they discharge with a characteristic time of several hundred microseconds, determined by the RC filter which connects the rectifying circuit with the input of the shift registers.
The advantage of using shift registers for readout of spark chambers has been With 10,000 wires, we have a 10,000 bit shift register, which in practice has been divided into two independent shift registers, one for the anode wires and one for the cathode wires. After these two shift registers have been parallel loaded, they are shifted out serially at a 4 MHz clock rate, by a "controller" which records the position and width of each "spark" in the chain, identified by one or more bits set to the low (logical 0) state. This information is subsequently transmitted to a PDP-11. In order to check the performance of the long shift register chains, a "fiducial" 8 bit shift register has been introduced between the shift registers of each cylindrical surface and after the last surface. Each 8 bit fiducial is hard-wired to give the bit pattern 01111110, and will thus read out as a spark with fixed position and a width of 6 "wires".
Checking that all fiducials are in the right positions certifies that the register; --are shifting correctly.
Let us now return to the function of the RC filters in fig. 2 . Because of the very long time constants' of the filters; it is easy to physically separate the shift register end from the rectifying circuits. In our case, this has been done by separating Rl and R2 by 8 meters of unshielded cable. In this way, the "fast" part of the circuit which detects the spark current is placed directly on the spark chamber, while the "slow" part, including the shift register, is placed at a convenient location away from the spark chambers.
In doing this,
we have traded the disadvantage of having to handle 10,000 8 meter long wires for the greater accessibility of most of the components. Resistor Rl in the cathode circuit damps the ringing of the 8 meter long cables due to the high voltage pulse, which otherwise is rectified and simulates a spark. The "crosstalk" between adjacent wires over a length of 8 meters due to their mutual capacitance is too small to cause trouble.
Finally, the extra capacitor C2 on the anode readout is needed to reduce the size of the positive signal at the shift register input arising from the high voltage pulse. The signal at the shift register is -1 V for a 4 kV high voltage pulse. The full high voltage appears across Rl, a l/2 watt composition resistor, but there has been no trouble breakdown.
We have arranged it so that the whole anode readout system can float with respect to true 'ground, which allows us to easily apply a clearing field betwee anode and cathode wires. In order to accomplish this, the clock, load, and serial data signals of the shift registers pass through optical isolators on theil way between shift registers and "controller" 2) .
---.- In order to do this, the first gap of each chamber has the wires in its two surfaces crossed at a small relative angle 6
given by tan $ = l/10, to produce i'small angle stereo'l. This gap thus measures both Q and z with, respectively llgoodf' and 'lbadf' resolution, except for the ambiguities resulting from multiple sparks in crossed wire systems. The -300 nanosecond long, -4 kV, positive high voltage pulse is applied to the chambers by discharging coaxial cable through a hydrogen thyratron. A standard LBL-Berkeley design gas cart controls and purifies the gas flow. The gas mixture used is 90% Ne, 10% He and 0.25% ethyl alcohol added by bubbling the total gas flow through ethyl alcohol at -25' C. The gas circulates through holes in the mylar cylinders, punched in alternating ends of the chambers. The performance of one chamber, with a uniform gap width is summarized in figs. 4 and 5. Figure 4 shows the average number of bits set per spark.
This number is quite low, and remarkably independent of the applied voltage, which is very useful in a region of high spark density. 
